Abstract X-Ray is an ionizing electromagnetic radiation with a wide spectrum. A setting where this radiation is widely used is airport security units. This study was conducted to measure the level of momentary exposure to X-Ray in operators and personnel working in security gates of Imam Khomeini airport. In this cross-sectional study, the X-Ray machines used in security gates of Imam Khomeini airport are HEIMANN. The radiation was measured in both men's and women's inspection units, with curtain down and curtain up when passengers' luggage coming out of the machine, around the machine, operators' seat located half a meter and one meter from the machine. The X-Ray was measured using smartlon. The results were analyzed using t-test, and level of X-Ray was compared to occupational standard limit of American conference of governmental industrial hygienists, 25 µsvh . The X-Ray measured in men's and women's inspection units was 1.3025 µsvh -1 ± 0.985 µsvh -1 and 1.06 µsvh -1 ± 0.658 µsvh -1 , respectively. The X-Ray measured in this study was compared to the occupational standard limit using t-test, which indicated a significant difference. Although level of X-Ray in all above cases was lower than the occupational standard limit, any contact with this ray even at low doses may cause complications in humans. Therefore, constant monitoring is essential for maintaining and improving health of airport security staff.
Introduction
Use of technology in developed countries and its importance in developing countries have exposed users to adverse effects of technology [1, 2] . Humans have been exposed to natural ionizing and non-ionizing radiations from the beginning of creation. With the advancement of science and technology in various fields such as energy, medicine, industry, education, research, and even household appliances such as televisions, luminous watches and computers, radiomaterials or radiation generators are widely used, and this has resulted in higher exposure to these radiations [3, 4] . X-Ray comprises a part of electromagnetic radiation spectrum and ionizing radiation with a wavelength of 0.01-100 Å (Angstrom) and has been widely used since Wilhelm Conrad Röntgen discovered it in 1895 [5] . The most important distinguishing feature of X-Ray is its penetration ability and ionization in the environment. X-radiations can pass through solid and liquid environments and are thus used for imaging of different body organs [6] [7] [8] . X-Ray is also used for radiography of metals and removal of defective parts and fractures from metal pieces [5] . A significant use of X-Ray is the inspection of suitcases and packages such that their content can be well identified without damaging them [9] . Despite many uses of X-Ray, it can be a risk to workplaces and cause serious irreversible damages to people in contact with this ray [10] . The history of radiobiology reveals that the biological effect of rather high doses of radiation was known just after discovery of X-Ray and radioactivity, but the effect of lower doses on humans' health is still ambiguous and under various investigations [11] . The wide use of X-Ray in various jobs necessities special occupational care for personnel exposed to this radiation because excessive exposure may cause ionizing radiation damages. Varieties of cancer, chromosomal anomalies, skin lesions, cataract formation, musculoskeletal disorders, and adverse effects on the thyroid gland, nervous system and gonads are side effects of X-Rays in humans [12, 13] . Chronic exposure to low-dose ionizing radiations may influence lymphocytes functioning, especially in secretion of cytokines, such as interleukin 2 [14] . Blood cell count can be used as a measure for assessing damages to the hematopoietic system by ionizing radiation and as a biomarker appropriate for examining radiation-induced damages [15] . Today, potential complications can be prevented using different safeguards in the path of production and radiation of X-Ray and performing various periodical examinations in personnel [16] . A highly important measure for prevention of radiation-induced complications is to constantly monitor and measure the radiation leakage in workplaces, and this should be controlled at the standard limit [17] . It is of special importance to pay attention to the health of people exposed to low-dose ionizing radiation for a long time for occupational reasons. Control and reduction of exposure to different radiations in personnel are undoubtedly subject to making proper decisions and legislating rules and standards for the protection and safety against radiation. In this respect, this study was performed to accomplish continuous monitoring of harmful factors in workplaces and measure the level of X-Ray in security gates of Imam Khomeini airport. The standard level of exposure to ionizing radiation for all personnel contacting with such radiation is 50 mSv per year according to American Conference of Governmental Industrial Hygienists (ACGIH-2012) [18] . Given that each year consists of 50 working weeks, standard dose of exposure per week is calculated as follows:
Method
Furthermore, each week consists of 40 working hours, and standard dose of exposure per hour is calculated as follows:
= 25 standard dose per hour (µsvh -1 )
Figure 4 Inspection machine in the bottom of the screen
The data were analyzed using descriptive statistics, including frequency, percent frequency, mean, graphs, analytical statistics, including t-test, and SPSS-19 in order to compare the level of X-Ray measured in this study with the occupational standard limit.
Results
The results showed that the X-Ray levels in all positions in those stations were lower than the occupational standard limit (25 µsvh -1 ). The X-Ray measured in this study was compared to the occupational standard limit using t-test, and the results showed a significant difference in this regard (p<0.05). Maximum level of X-Ray was measured in the west wing of the airport, 2.ST station, in the men's inspection unit, when curtains were up (3.5 µsvh -1 ), and minimum level of X-Ray was 0.4 µsvh -1 around the machine (3.ST of women's inspection unit & 5.ST of gates 1 & 2 of men's), when curtains were down (4.ST of women's inspection unit), and luggage monitoring at a distance of one meter to men's inspection unit (7.ST) ( Table  1) . Maximum level of X-Ray measured in the east wing of the airport (3 µsvh -1 ) was related to Gate 2 of men's (2.ST) when curtains were up, and minimum level of X-Ray (0.4 µsvh -1 ) was related to luggage monitoring (at a distance of half a meter to machine) of Gate 1 of men's inspection unit (3.ST). Tables 1 and 2 show the results of measurements about HEIMANN machine. , and 0.47 ± 0. 58 µsvh -1 , respectively. Figure  5 shows mean X-Ray at different positions of the airport security gates. As shown in Figure  5 , maximum X-Ray was measured at ST.2 (curtains up at inlet valve) as 2.25 ± 1.01 µsvh -1 , and minimum X-Ray was measured at ST.7 (luggage monitoring at a distance of one meter) as 0.467 ± 0.0577 µsvh -1 . Figure 6 shows the level of X-Ray in men's and women's inspection stations. Based on the results, mean X-Ray in men's stations was higher than that in women's stations and comprised 1.3025 ± 0.985 µsvh -1 and 1.06 ± 0.658 µsvh -1 , respectively. As shown in Figure 2 and 3, comparison of X-Ray in men's stations with that in women's stations revealed maximum level of X-Ray as 1.567 ± 1.366 µsvh -1 in Station 1 of men and minimum level of X-Ray as 0.843 ± 0.4826 µsvh -1 in Station 3 of men.
Figure 5 The average amount of X-Ray in different situations of inspection gates

Figure 6 The average amount of X-ray in male and female inspection gates
Discussion
According to the results, total mean of X-ray was µsvh-1, and comparison of the total mean with the occupational standard limit (25 µsvh-1) using t-test showed a significant difference in this regard. In other words, the level of X-ray was lower than the standard limit. The results in different situations radiation detector device were significantly different from the standard limit . The results showed that the level of X-ray was lower than the standard limit. Mean X-ray measured in men's stations and women's stations respectively comprised µsvh-1 and 1.06 ± 0.658 µsvh-1, as the higher level of X-ray in men's stations might be due to the fact that men carry larger luggage, and thus, curtains should be wider, and more X-ray exits from the machine. Mean X-ray of all HEIMANN machines in the six security stations was µsvh-1, lower than the occupational standard limit. As seen in figures, maximum dose of X-ray was reported in men's security stations in the west wing of the airport when curtains were up as 3.5 µsvh-1, which was lower than the occupational standard limit (ACGIH-2012). According to J. England et al.'s study on similar machines, X-ray dispersion in the relevant centers was 0-1 µsv, and thus, no carcinogenic effect was observed in this regard [19] . Based on another similar study by NIOSH (National Institute for Occupational Safety and Health) on X-ray machines of L3-TEX-5500, CTX2500 model used in Cincindti, Baltimore, Boston, West Palm Beach, Providence and Miami, the level of X-ray was lower than the standard limit [9] . Zhumadilov et al. also found similar results in a Japanese airport, as their results agree with those of the present study [20] . A study conducted by Arnstein P, et al. on people exposed to constant radiation of X-ray in radiography needed for hand surgeries showed an increase in risk of complications caused by ionizing radiation in those people [21] . An assessment performed by NIOSH in 12 American airports reported that the level of X-ray in 90% of stations was higher than the standard limit, and the level of X-ray in 10% of stations was lower than the standard limit [22] .
Conclusion
In general, X-Ray emission while working with X-Ray machines was partial and lower than the standard limit, but this result cannot prove safety of that level of X-Ray. The reason is that working hours of the personnel per day are not always the standard eight hours and sometimes may exceed 12 hours a day, and this can increase the risk of exposures in personnel. Therefore, it is necessary to keep the exposure lower than the daily occupational standard limit, control constantly, train those personnel exposed to rays properly, and formulate relevant instructions in order to maintain and improve health in personnel of security gates. In this respect, measures, such as controlling and checking X-Ray machines continuously by relevant officers, avoiding entering hands into the machine's compartment, and turning off the machine while bringing out the luggage stuck in the machine, in order to maintain and improve health in personnel of security men's security stations. Moreover, doing examinations before employing personnel, doing periodical examinations (every 6 months), using personal dosimeters, such as film badge, not exposing each personnel to X-Ray more than 8 hours, and preventing pregnant women from working with X-Ray machines are effective in control and reduction of exposure to X-Ray. Use of warning signs and monitoring machines every 5 years also can contribute to prevention and reduction of risks of X-Ray. Future studies are recommended to examine the effects of X-Ray in several airports in Iran and compare the results as in retrospective studies.
